Purpose To evaluate surgical intervention with pars plana vitrectomy (PPV) for correction of optic disc pit maculopathy (ODP-M). Patients and methods Retrospective chart review from 13 centres of 51 eyes of 50 patients with ODP-M who underwent PPV between 2002-2014. Anatomic and final bestcorrected visual acuity (BCVA) outcomes were evaluated for all cases with different adjuvant techniques. Results There were 23 males and 27 females with median age 25.5 (6-68) years. Preoperative median foveal thickness was 694.5 (331-1384) μm and improved to 252.5 (153-1405) μm. Median BCVA improved from
Introduction
Optic disc pits (ODPs) have long been recognized as congenital abnormalities of the optic nerve head. 1 The prevalence of congenital ODP is estimated at 1 in 11 000 ophthalmic patients. 1, 2 Males and females are affected equally. Optic disc pits are usually unilateral, but may occasionally occur in both eyes. 1 In isolated cases without macular involvement, prognosis is good with normal visual acuity except an arcuate scotoma or enlarged blind spot in some cases. However, vision deteriorates if optic disc pit maculopathy (ODP-M) consisted mainly of serous macular detachment or macular schisis develops. [2] [3] [4] [5] [6] Although pars plana vitrectomy (PPV) is generally accepted as the standard procedure for the management of ODP-M, the need for various adjuvant therapies has not been well studied. [4] [5] [6] [7] [8] [9] [10] The current study was designed in an attempt to pool the data from multiple centers due to the rarity of this condition and the need for larger numbers to determine effective treatment methods.
Materials and methods
This multicentre investigation (MACPIT Study) consists of interventional consecutive cases from 13 tertiary centres. The study was organized by the Society of Vitreoretinal Surgery of the Turkish Ophthalmological Association. A total of 51 eyes were included in this retrospective interventional case study. The patients were treated with a PPV procedure between January 2002 and December 2014. The patients selected for inclusion in the study had complete optical coherence tomography (OCT) recordings and follow-up of at least 6 months. The main outcome measures were complete reattachment of the macula, improvement in central macular thickness (CMT) and visual acuity.
Procedure
After core vitrectomy, the posterior hyaloid was removed. Triamcinolone acetonide (TA) was used to ensure the complete removal of any vitreous residue in 28 eyes. Fluid-air exchange was performed, followed by gas tamponade with sulphur hexafluoride (SF6) or perfluoropropane gas (C3F8). Postoperative facedown positioning for~1 week was recommended by all surgeons. Thirty-four patients had C3F8 and 13 had SF6 and 2 had C2F6 gas tamponade. ILM peeling was performed in 18 eyes and JLP was performed in 35 eyes.
Categorical grouping of collected cases
A record was made of the use of intraoperative triamcinolone for better visualization and removal of the vitreous, the application of 180°juxtapapillary endolaser photocoagulation (JLP) in mild-to-moderate intensity to the retina in the temporal margin of the optic disc prior to the fluid-air exchange, implementation of internal limiting membrane (ILM) peeling, and the type of intraocular tamponade as well as intraoperative events and complications. The patients were then divided into four main categories according to the adjunctive techniques. Anatomical and functional results were evaluated in the following groups: C3F8 or SF6 tamponade group, JLP or no JLP application group, ILM peeling or no ILM peeling group, and intraoperative TA use or no TA use group.
Data review
The clinical features, surgical characteristics, surgical and visual outcomes of the collected cases were analysed. The preoperative data were collected for demographics (age and gender), laterality, presenting visual symptoms and best-corrected visual acuity. The postoperative data included the type of surgery performed, intraocular or postoperative complications, repeated surgery and followup examinations. All the data were collected via a retrospective chart review. Optical coherence tomography was performed before and at each visit after the surgery. Spectral domain OCT was used in the majority of cases. If the data were obtained by Time Domain OCT, 50 μm was added to the CMT. 11 A reduction of more than half of baseline CMT over time was used as a marker of partial resolution or partial anatomical success. The disappearance of all the fluid in retinal compartments was defined as complete resolution (CR) or complete anatomical success. Best-corrected Snellen visual acuities were recorded. Snellen visual acuities were converted to the logarithm of the minimum angle of resolution (logMAR) scale for statistical analysis. Informed consent for surgery was obtained from each patient after providing a complete explanation of PPV procedure and natural course of the ODP-M. The study was conducted in accordance with the ethical principles represented in the Declaration of Helsinki. Kocatepe University Clinical Research Ethics Committee reviewed and approved the study.
Statistical analysis was applied with SPSS 20.0 for Windows package. Normality of the data was tested with Kolmogorov-Smirnov test with Lilliefors significance correction. The Friedmann test was used to detect statistical differences between the repeated measurements. All tests were two-sided. Descriptive data were summarised as median and range if the data are not normally distributed. A value of Po0.05 was considered statistically significant.
Results
The data charts of 51 eyes of 50 patients with ODP-M undergoing PPV were reviewed. The patients were 23 males and 27 females with median age of 25.5 years ranging in age from 6 to 68 years. All patients had noted a central scotoma or metamorphopsia, and a decline in Snellen visual acuity was observed in all eyes prior to surgical intervention. The right eye was affected in 28 patients, the left eye in 21 patients and 1 patient had bilateral ODP-M. Characteristics of the all eyes were summarized in Table 1 .
An OCT evaluation of the eyes before surgery revealed double-layer separation in 42 eyes, pure intraretinal separation in two eyes, serous macular detachment (SMD) in 10 eyes and outer layer hole in 8 eyes. One eye had a lamellar macular hole at baseline. The time from the onset of visual symptoms to surgery ranged from 2 weeks to 60 months (mean ± SD: 11.7 (16.3) months; median: 2.75 months). The vitreoretinal technique was 23-gauge in 34 eyes, 20-gauge in 11 eyes and 25-gauge in 6 eyes.
Complete resolution (CR) was observed in 44 of 51 eyes (86.3%). The time to CR was mean (SD) 7.1 ± 5.9 months and median 5 months (range, 1-20 months). Thirty eyes (58.8%) showed CR within 6 months, while 13 eyes (25.5%) resolved at month-12 and thereafter. Complete resolution was determined at 18 months or later in 4 eyes ( Figure 1 ) and 5 eyes showed partial resolution. Central macular thickness did not decrease in 2 eyes. Of the five eyes that showed failure to CR, three had 12-month follow-up. Preoperative median BCVA and CMT improved from 20/200 and 700 μm to 20/40 and 257 μm at the final visit, respectively. A gain of 2 or more Snellen lines of vision was determined in 43 (84%) eyes and 31 (61%) reached to 20/40 or better visual acuity. A mean (SD) improvement of 6.19 (5.82) lines by ETDRS chart was obtained. Improvement in BCVA and CMT was statistically significant (Po0.001). Initial visual acuity stabilized or improved in all except two eyes. Both of these eyes had undergone a second intervention, for macular hole in one eye and for recurrence in the other. Mean follow-up was 32.8 months (median: 24 months, range: 12-120 months).
When evaluating each adjuvant group for functional and anatomical success, all categories resulted in statistically significant improvements at month-12 and the final visit. The complete resolution rate, mean time to CR, and improvement in CMT or BCVA at month-12 or final visit for all eyes and the groups (C3F8 or SF6, ILM peeling or no ILM peeling, JLP or no JLP, intraoperative TA or no TA utilization) were given in Tables 1 and 2 . Peripheral retinal tear and full-thickness macular hole developed in 2 and 4 eyes, respectively during the surgery. Three eyes underwent second surgery for macular hole repair, inferior retinal detachment and silicon-out procedure. Additional vitrectomy with gas tamponade was performed in one eye and incomplete resolution was observed in the twelveth month. Additional JLP was performed in one eye. Lens opacities developed in two eyes, and both underwent cataract surgery during the follow-up. A representative case demonstrating slowly improvement in the long-term is shown in Figure 2 .
Discussion
There are currently no guidelines for the treatment of ODP-M, and no consensus on the optimal surgical technique. [6] [7] [8] [9] [10] [11] [12] [13] [14] Although the best functional outcomes seem to be obtained with vitrectomy, controversy continues on the rationale for the adjunctive steps taken with vitrectomy. In our study, which reports largest series to date, we observed that PPV and gas tamponade with or without JLP and ILM peeling is effective for ODP-M in majority of the cases.
Juxtapapillary Laser Photocoagulation is a somewhat controversial procedure during vitrectomy. The barrier effect of JLP for fluid transportation may have beneficial additive effects to the vitrectomy to obtain better results. [9] [10] [11] It has been reported that the combination of vitrectomy plus gas tamponade plus JLP was more effective than vitrectomy and gas. 9 Some authors have proposed that the rationale for JLP to prevent fluid transportation within the inner retinal layers of the macula would be weak and have suggested that laser treatment in the papillomacular region may have adverse effects. 12 Recent studies have generally reported no additional benefit from the laser in long-term success rates. [13] [14] [15] [16] Our study also suggest that JLP may not be necessary for success of PPV for at least our follow-up period.
The addition of ILM peeling procedure to the vitreoretinal techniques ensures complete hyaloid removal and also targets relief of complete surface traction on the retina between the optic disc and fovea. 12, 16 The authors in favour of ILM peeling believe that both tangential and anteroposterior traction facilitate the passage of fluid from the optic pit into the retina and tangential traction cannot be eliminated unless the ILM is peeled. [16] [17] [18] In the current series, ILM peeling was not performed except 18 eyes, and good surgical outcomes were obtained in these eyes. Some previous reports Complete anatomical success within the first 6 months was seen in~60% of the study eyes and 25% reattached after month-12.
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Eye consistent with our study suggested that ILM peeling is probably not essential in the treatment of most cases of ODP-M. [9] [10] [11] [12] [13] [14] Intraoperative gas is also believed to displace the retinal and subretinal fluid away from the macula. 19, 20 A recent study has suggested that resolution of ODP maculopathy may be faster in patients with gas tamponade. 21 Some recently published studies have also suggested that gas injection has no significant effect on the final success rate and if used, no type of gas has been shown to be superior to any other type. 9, 12, 21 In the current series, C3F8 gas tamponade had been preferred in more cases than SF6 gas. Both C3F8 and SF6 gas tamponade were regarded to have efficient to achieve surgical success. Our results related to gas tamponade is consistent with the recently published reports. [11] [12] [13] [14] 21 Triamcinolone-assisted vitrectomy, as a surgical technique has been emphasized previously for the surgical treatment of ODP-M. 12, 15 As posterior vitreous traction on the margin of the optic disc has been suggested to be responsible for the development of maculopathy in eyes with ODP, complete removal of the posterior hyaloid without residues attached to ILM may be important for surgical success. 22, 23 Thus, intraoperative TA can ensure to achieve this goal. However, in the current series, anatomic and visual outcomes were favourable in the cases with triamcinolone-assisted vitrectomy and other cases.
The complete macular reattachment rate within the follow-up period of the current study was 86.3%, which is similar to previously reported case series. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] A delay in complete reabsorption of macular fluid beyond 12 months has been described in literature. 6, [10] [11] [12] [13] [14] In the current series, 13 eyes showed complete resolution at 12 months or longer, and 4 eyes at month 18 and thereafter. Therefore, in cases with incomplete resolution, a follow-up period of at least 12 months may be necessary before the second intervention is considered. In the current series, three out of seven eyes with partial resolution had 12 months follow-up and it is possible that resolution would improve further with additional time in these eyes. However, there have been reports of recurrent cases even 16 years after the last vitrectomy. 24 Different factors such as vitreous traction and difficulty in reabsorption of viscous subretinal fluid in untreated eyes have been suggested to cause the persistence of ODP-M, but no verified factor is known as a reason for persistent fluid after vitreoretinal surgery. In recurrent cases, the underlying pathology may be related to cerebrospinal fluid forced by gradient pressure.
Our series were collected from the long-term time interval in which a variety of surgical techniques and steps increased. Comparing these different adjuvant techniques is quite difficult because making groups in sufficient size is almost impossible in a prospective fashion due the rare nature of optic pit maculopathy. Therefore, due to retrospective nature of the study and insufficient size of the groups, we did not perform statistical analysis of the groups to find out superiority of any adjuvant technique.
In conclusion, PPV with gas tamponade with or without JLP can be considered to be good approaches to optimize surgical outcomes. There is still a need for prospective and comparative multicentre studies collecting case series with larger sample sizes to evaluate the efficacy of adjunct techniques combined with vitrectomy.
Summary
What was known before K Pars plana vitrectomy has been preferred method for surgical treatment of optic disc pit maculopathy (ODP-M).
K There are several adjuvant procedures in combination with pars plana vitrectomy.
K There is no consensus about benefit of any adjuvant procedure.
What this study adds K This study conducts largest case series ever published in the literature. 
